Abstract. An innovative method exploiting mechanical resonance in machines drive systems, especially useful in impact machines, has been developed. Accumulation of energy at resonance can be applied to the drive system in a similar way as flywheels in eccentric presses. Under resonance conditions, the total energy consumption of the oscillating mass is equal to the energy lost due the damping forces. Energy accumulated in the oscillator can be several times greater than the energy supplied continuously to the oscillator. The developed method can be used in many applications, especially in impacting machines. Finally, the energy demand of resonance punching press will be compared with the energy demand of eccentric press.
Introduction
The vibration amplitude of a mechanical oscillating system depends on the ratio of the driving force frequency and the natural frequency of the system. When the excitation force frequency is equal to the natural frequency of the object, the phenomenon of mechanical resonance occurs, and as a result strong increases in the vibration amplitude can be observed [1] [2] [3] [4] . The maximum vibration amplitudes depend on the damping occurring in the system.
Resonance in mechanical systems is in most cases unwanted. Increased vibrations lead to higher dynamic loads acting on the components of the mechanical systems. Overload and fatigue may strongly influence the integrity of a construction or structure e.g. the Tacoma Bridge, footbridges, shaft critical speeds, etc. In contrast to mechanical systems, the positive effects of resonance are used in many other applications such as acoustics, medicine (magnetic resonance), electrical machines, radio, laser technology, etc. [1] . Resonance is used in a new drilling technique [2] called resonance hammer drilling (RHD) as an alternative to increase the rate of penetration in hard rocks drilling. This technique use the already existent axial vibration due to the cutting process, to generate a harmonic load on the bit and an excitation in a steel mass (hammer). When this excitation frequency is close to the steel mass natural frequency impacts on the bit occur.
Mechanical resonance is used in vibratory conveyors [3] . The experimental results show that the resonant mode of vibration conveyor with electromagnetic excitation is very advantageous, since then it consumes the least energy to maintain the system in a state of oscillation. 17006 (2018) https://doi.org/10.1051/matecconf/201821117006 VETOMAC XIV The paper [4] presents the case of a robotic arm where, due to the use of resonance, energy savings up to 56 % were achieved. Pick-and-place robots, for example, should accelerate and decelerate not by means of large, strong actuators, but by an exchange between kinetic and potential energy. The positive effects resulting from mechanical resonance are also used in the development of the optimal parameters of micro-propulsion systems to drive flying objects [5] . Resonant excitation can offer in such systems a increased lift output, with less battery power.
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The energy flow at resonance conditions has been investigated in [12] [13] [14] and it has been stated that the absorbed average mechanical power evolution can be used to describe the dynamical behavior of the vibratory system.
In this paper the use of mechanical resonance in impact machines, such as punching or stamping presses, riveting machines etc. will be described. The accumulation of the energy in the flywheel and in the oscillator at resonance will be explained. A prototype of a resonance punching machine was built and its power demand has been compared with the power demand of the conventional eccentric press.
Background
The maximum vibration amplitude of the harmonic oscillator can be determined from the formula [7] :
The increase in amplitude is accompanied by an increase in the energy of the oscillator, which can be determined from the formula:
The mechanical energy will be accumulated at resonance. In the steady state conditions of resonance, the excitation force is used to overcome the damping force only. The inertia force is compensated by the force in the spring [9] . During sequential reception of energy from the oscillator at resonance, instantaneous driving force, typically of relatively low amplitude, is converted to high amplitude power pulses.
The energy supplied to the oscillator in the mechanical resonance state is several times smaller than the energy accumulated in this oscillator and is equal to the energy dissipated due to the damping [9] . In the case of a mechanism with a flywheel, the energy supplied to the system is equal to the kinetic energy of the wheel. where: m-mass of the flywheel, r-radius of the flywheel, -angular velocity.
If Eq. (2) and (3) are compared, one can state that the energy of the oscillator and the kinetic energy of the flywheel are equal, when the masses and frequencies (oscillator, flywheel), are equal, and the flywheel radius corresponds to the oscillator amplitude.
In Figure3 the schematic view of the eccentric press and resonance press has been shown. In the eccentric press the energy needed in the punching process is stored in the flywheel. By activating the clutch, the press slider is displaced, and the punching operation is carried out. The main element of the resonance press is the resonant block moving on linear guides and attached to the housing by means of springs. The frequency of the driving force should be adjusted to the natural frequency of the resonance block. The driving element is an electric motor with a rotating mass that excites vibrations of the resonance block or a pneumatic or electric actuator. The natural frequency of the resonance press can be changed by changing the stiffness of the springs or changing the mass of the resonance block. The maximum punching force depends on the mass of the resonance block and its maximum vibration amplitude.
During the punching operation some energy will be extracted from the resonance block and then its amplitude is rebuilt. The vibration parameters of the resonance block can be selected so that the reconstruction of the maximum vibration amplitude occurs in every cycle or after 1 or 2 vibration cycles. The time needed to rebuild the energy in the resonance block to the maximal value is dependent mainly from the friction/damping and the amplitude of the excitation force. The vibration amplitude of the resonance block should not decrease more than 10%, similar as the speed fluctuation ratio of flywheels in eccentric presses. The energy accumulation at resonance can be used therefore in drive systems of impact working machines in similar way as flywheels. (2018) https://doi.org/10.1051/matecconf/201821117006 VETOMAC XIV Figure 4 presents the schematic 3D model and view of a prototype of mechanical press. The resonance block (4) is excited with the resonance frequency with use of rotational mass (9) . The electric motor (1) is connected to a gearbox (5) where the rotational velocity is reduced. The work sequence at the resonance is activated at the point of maximum kinetic energy. The oscillator mass is connected to the punch element via a controlled clutch (8) , which is only engaged during the punching action. Parameters of resonance press are the following (Table 1) :
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Prototype of resonance press

Table 1. Parameters of resonance press
Resonance press Operating frequency: f = 2.9 Hz Mass of the resonant block: m = 12 kg Rpm of the rotating mass: n = 174 rpm
The mechanical clutch 8 is switched on after reaching the maximal amplitude of vibrations of the resonance block 4. The mass of resonance block 4 is a set of all masses in the oscillating motion, i.e. the mass of the resonance block, rotating mass and tool mass. It is possible to electronically control the clutch enclosing the punching tool using a sensor to measure the displacement of the resonance block. 
Eccentric press
In Figure 5 the investigated eccentric press has been shown. The flywheel is driven with the electric motor and the belt drive. The flywheel is connected to the eccentric shaft, rotating in a connecting rod. The connecting rod moves a ram in a slider joint vertically.
Figure 5. View of investigated eccentric press
The parameters of the eccentric press are following (Table 2) :
Table 2. Parameters of the eccentric press
Eccentric press Operating frequency: f = 2.8 Hz Flywheel rpm: n = 177 rev / min Engine rpm n = 886 rpm Flywheel mass: m = 18 kg During the punching process, the thickness of the sheet and the diameter of the punched holes as well as the course of the punching process were the same for both presses. The sheet was continuously displaced in the die in a manner that ensures cyclical hole performance.
Comparison of energy and power demand
The parameters of both presses are selected in such a way that the energy supplied by the flywheel in the eccentric press is close to the energy which is accumulated in the resonance block of the eccentric press. Measurement of DC motor power in the case of a resonance press was determined based on the average current and voltage values present on motor:
where U rms -effective voltage value on the motor, I rms -the effective value of the current flowing in the motor windings. The power demand of the three-phase motor driving the eccentric press was measured by means of a wattmeter. The results are presented in Table 3: MATEC Web of Conferences 211, 17006 (2018) https://doi.org/10.1051/matecconf/201821117006 VETOMAC XIV Table 3 is to see that the power demand of resonance press is around 2,9 times lower than the power demand of eccentric press.
Conclusions
This paper presents a new concept for the drive of impact machines with the use of mechanical resonance. It uses the effect of energy storage during resonance which is similar to energy storage in flywheels. The efficiency of a resonance press depends mainly on the damping of vibration of the resonance block. The smaller the damping, the greater the efficiency of work. The measurements show that the power demand of the resonance press is about 2,9 times lower than for the eccentric press when the same punching operation is performed. This is due to the fact that in the resonance press the inertia forces are compensated by the forces in spring elements. In the resonant press there are fewer friction resistances than in the eccentric press. In the resonance press there is no need to change the rotary motion into a reciprocating motion. The big advantage of the resonance press is the simplicity of design. The concept described in this paper can be used in many other impact machines.
